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Abstract. – OBJECTIVE: Osteosarcoma (OS)
is the most common malignant tumor of the
bone, with a high mortality rate and poor prog-
nosis. Propofol has been proposed to play a
role of antitumor in various cancers. However,
the functions and mechanisms of propofol in
OS is still not clear.

MATERIALS AND METHODS: The different
concentrations of propofol were co-incubated
with osteosarcoma MG-63 lines for 72 hrs. Cell
proliferation, apoptosis, and invasion were de-
tected by MTT assay, Flow cytometry analysis,
and Matrigel invasion assay. Western blot was
used to detect the TGF-β1 protein levels. MG-63
cells were treated with human recombinant
TGF-β1 (rh TGF-β1) to assess the role of TGF-
β1 in propofol-induced anti-tumor activity.

RESULTS: Propofol significantly inhibited cell
proliferation and invasion and promoted apop-
tosis of MG-63 lines cells. Propofol also effi-
ciently reduced TGF-β1 expression. Moreover,
restoration of TGF-β1 by rhTGF-β1 treatment
reversed the effects of propofol on the biologi-
cal behavior of OS cells.

CONCLUSIONS: Propofol can effectively in-
hibit proliferation and invasion and induce
apoptosis of OS cells through, at least partly,
downregulation of TGF-β1 expression.
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Introduction

Osteosarcoma (OS) is the most common of all
bone malignancies, affecting predominantly chil-
dren, teenagers, and young adults aged 10-30
year1. The biology feature of OS is high propen-
sity for 90% pulmonary metastasis2. However,
the molecular mechanisms underlying the car-
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cinogenesis, pro gression, and aggressiveness of
the cancer have not been fully elucidated.

Transforming growth factor (TGF)-β is in-
volved in physiologic processes, such as wound
healing, tissue development and remodeling.
TGF-β has also been implicated in many patho-
logic conditions, including cancer, and has been
shown to regulate some events such as angiogen-
esis, immune suppression, and cell migration3-5.
Transforming growth factor-β promotes cancer
metastasis through various mechanisms including
immunosuppression, angiogenesis, and invasion.
In patients with osteosarcoma, serum level of
TGF-β was significantly increased, which was
positive for distant metastasis6. It was indicated
that TGF-β may be closely involved in the patho-
genesis of osteosarcoma. Experimental studies
have found TGF-β overexpression promoted in-
vasion and growth of cancer cells, and vice ver-
sa7-10. In addition, combining dendritic cells with
anti-TGF-β antibody enhanced the systemic im-
mune response11.

Propofol (2, 6-diisopropylphenol) is an intra-
venous sedative-hypnotic agent administered to
induce and maintain anesthesia. It has been re-
cently revealed that propofol has anticancer prop-
erties including direct and indirect suppression of
the viability and proliferation of cancer cells by
promoting apoptosis in some cancer cell lines12-

14. We have previous reported that propofol could
promote invasion and proliferation of ovarian
cancer, pancreatic cancer and esophageal squa-
mous cell carcinoma cell by Slug, S100a4, NF-
kB and ERK-VEGF/MMP-9 signals, respective-
ly15-18. Therefore, propofol might be a better
agent than other anesthetics for cancer surgery19.

Although propofol induces apoptosis and in-
hibits the invasion of cancer cells both in vitro and
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in vivo by different molecular mechanisms15-18, we
focused on the anti-cancer properties of propofol
that are regulated via TGF-β1 signaling pathway,
which regulates the different molecular above20-22.
The aim of this study is to investigate the effects
of propofol on the biological behavior of human
OS cells and its related molecular mechanisms.

Materials and Methods

cell culture
The human osteosarcoma cell lines MG-63 were

gifted by Ma et al23, and cultured as conventional
methods. The cells were maintained in Roswell
Park Memorial Institute (RPMI)-1640 with 10%
fetal calf serum (FCS, Gibco, Grand Island, NJ,
USA), at 37oC in 5% carbon dioxide and 95% air.
In all of the assays, a monolayer of cells that was
50-70% confluent was used. All the methods used
were according to the manufacture’s instruction.

cell Viability Assay
MG-63 cells were cultured in 96-well plates (3

× 104 per well) and treated with 10 mg/mL propo-
fol for 72 hs. To determine the signaling path-
ways involved in the production of TGFβ1, MG-
63 cells were preincubated with rh TGF-β1 (5
ng/mL) (Cell Signaling Technology, Guangzhou,
China) or DMSO (controls) 6h before the addi-
tion of propofol. Determination of viable cells
was performed by adding 3-(4,5-dimethyl-2-
thiazol)-2,5-diphenyl-2H- tetrazolium bromide
(MTT; Sigma-Aldrich, St. Louis, MO, USA) to a
final concentration of 0.5 mg/ml. After 3 hours
incubation at 37°C and 5% CO2 in a humidified
incubator, the formazan crystals were resolved
by 10% SDS in 10 mM HCl and the absorption
was measured at 560 nm. MTT measurements
were performed daily for 3 consecutive days, as
triplicates in three independent experiments. The
absorption data were used to calculate the dou-
bling time of each cell line.

Apoptosis Assay
After treatment above, MG-63cells were col-

lected and fixed overnight at 4 °C with 75%
ethanol for propidium iodide staining and Flow
cytometry analysis was used to evaluate sub-G1
cell populations (Apoptotic rate).

Matrigel Invasion Assay
The invasiveness of MG-63 cells was tested

after treatment as described above. The cells
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(1×106/mL) were added to the upper wells coated
with Matrigel with serum-free medium contain-
ing 25 mg/mL fibronectin as a chemoattractive
agent in the lower wells. After a 24hs incubation
period, the number of cells on the lower side of
the membrane was counted in five random fields
after staining with Hema-3 kit.

Western Blot Analysis
Cells were cultured, pelleted by centrifugation,

washed with ice-cold phosphate buffered saline
(PBS), and lysed with radioimmunoprecipitation
assay (RIPA) buffer supplemented with a pro-
tease inhibitor. TGFβ1 was detected as the meth-
ods depicted before23. Anti-TGF-β1 (1:1000) was
purchased from Santa Cruz Biotechnology
(Shanghai, China). β-Actin was obtained from
Cell Signaling Technology (Shanghai, China).
Blots were visualized by using ECL Plus West-
ern Blotting Detection Reagents according to the
manufacturer’s instructions.

Statistical Analysis 
Data are expressed as the mean ± SD. SPSS

11.0 software (SPSS Inc., Chicago, IL, USA)
was used for analysis. The difference of statisti-
cal significance between two groups was as-
sessed using Student’s t-tests (one-tailed). p<
0.05 was considered to indicate a statistically sig-
nificant result. All experiments were repeated at
least three times.

Results

Effect of propofol on TGF-β1 
Expression in MG-63cells 

MG-63 and U-2OS cells were treated with
propofol (0-10 mg/mL) for 72 hs. Western blot
analysis was used to detect the TGF-β1 protein
level after treatment. Cells treated with propofol
displayed a dose-dependent reduction in the ex-
pression levels of TGF-β1 protein. These data
confirmed the suppression effect of propofol and
established the efficiency of propofol treatment.

Effect of propofol on cell Survival 
and Apoptosis

MG-63cells were treated with propofol (10
mg/mL) for 72 hs. The analysis of cell survival
using the MTT assay showed a significantly
decrease in cell survival for propofol-treated
cells when compared with the control cells
(Figure 2A).
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Cell apoptosis was determined using propidium
iodine (PI) staining followed by flow cytometry
analysis. Cells treated with propofol (10 mg/mL)
for 72 hs showed significant apoptosis, suggesting
propofol-induced cell apoptosis (Figure 2B).

Effect of propofol on Invasive capability
of MG-63 cells

In vitro studies were done to determine the ef-
fects of propofol on invasive capability of MG-63
cells. The invasion of MG-63 cells was markedly
inhibited, compared with control cells (p < 0.05)
(Figure 3A). The migration of MG-63 cells was
also markedly inhibited compared with control
cells (p < 0.05) (Figure 3B). These results suggest
that propofol inhibits cell migration and invasion.

propofol Inhibits cell Survival and 
Induces Apoptosis by TGF-β1 Inhibition

MG-63 cells were preincubated with rh TGF-
β1 (10 ng/mL) or DMSO (controls) 6h before
the addition of propofol. The findings showed
that although propofol inhibited cell survival and
induced apoptosis, when treated with rhTGF-β1,
the cell survival was increased and the apoptosis
was inhibited (Figure 2).

propofol Inhibits Migration and Invasion
by TGF-β1 Inhibition

MG-63 cells were preincubated with rh TGF-
β1 (10 ng/mL) or dimethyl sulfoxide (DMSO)
(controls) 6h before the addition of propofol.
The results showed that rh TGF-β1 restored the

Figure 1. TGF-β1 gene knockdown by propofol treatment in MG-63 cells. MG-63 cells were treated with propofol (0-10
mg/mL) for 72 hs. Representative images showing expression of TGF-β1 protein in both of the cells as analyzed by Western
blot. β-Actin was as a control.
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Figure 2. Effect of propofol on cell survival and apoptosis. A, MG-63 cells were treated with propofol (10 mg/mL) for 72 hs,
cell survival rate was detected by MTT assay. B, MG-63 cells were treated with propofol (10 mg/mL) for 72 hs, cell apoptotic
rate was detected by flow cytometry assay.



1433

Propofol inhibits osteosarcoma cell invasion

migration and invasion of the MG-63/propofol
cells (Figure 3A-3B).

Discussion

Osteosarcoma (OS) is the most common ma-
lignant tumor in bones. Metastasis is a major
cause of mortality and morbidity24. Although the
five-year survival rate has improved to ∼60% for

patients without metastasis, the prognosis remains
poor for patients with metastatic OS. The rarity of
OS coupled with the challenges of drug develop-
ment for metastatic cancers have slowed the de-
livery of improvements in long-term outcomes
for these patients25. In this study, we evaluated the
effects of propofol on the behavior of human OS
cells and found that propofol inhibited MG-63
cell proliferation and invasion, and induced apop-
tosis. The results were consistent with our previ-

Figure 3. Effect of propofol on invasive capability of MG-63 cells. A, MG-63 cells were detected by Transwell invasion as-
say. B, The migration of MG-63 cells were detected by Matrigel invasion assay. *p < 0.05 compared with respective controls.



ous findings and those of other studies13-18. This
evidence suggests that propofol may be as an
anesthetic particularly suitable for the peri-opera-
tive phase in cancer surgery.

To clarify the mechanism involved in the sup-
pression of MG-63 cells, the effect of propofol on
TGF-β1 expression was examined. Overexpres-
sion of TGF-β1 has been implicated in promoting
immune suppression, tumor angiogenesis, tumor
cell migration, and invasion in many cancers, in-
cluding OS26. The targeted down-regulation of
TGF-β1 expression inhibited growth and invasion
in OS and many other cancer cells27-30.

In the present study, we found that propofol
treatment sig nificantly decreased TGF-β1 ex-
pression in a dose-dependent manner. Also, de-
creased TGF-β1 expression results in the induc-
tion of cell apoptosis and the inhibition of cell in-
vasion, indicating that TGF-β1 acts as a tumor-
promotor. More importantly, restoration of TGF-
β1 by rhTGF-β1 treatment reversed the effects of
propofol in MG-63 cells. These results suggested
that the anti-tumor effect of propofol might be
owing to the down regulation of TGF-β1. How-
ever, the detailed mechanisms of how propofol
influences TGF-β1 expression are still unclear,
and further clarification is needed in the future.

Conclusions

Propofol could inhibit prolifera tion and inva-
sion, and induce apoptosis of OS cells. The mod-
ulation of TGF-β1 may contribute to these anti-
tumor actions. Further studies are needed to vali-
date the clinical relevance of propofol.
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